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Description 

[0001] The present invention relates to a linker sys- 
tem for activating surfaces for bioconjugation, and par- 
ticularly to a linker system having a novel hydrophilic 
spacer group. 

[0002] Due to the steadily growing importance of mi- 
cro techniques in a wide variety of scientific applications, 
the development of systems which allow the interaction 
of molecules with surfaces remains a critical issue. Such 
interactions include the possibility of removing specific 
molecules from a sample, e.g. to facilitate their analysis/ 
detection, but also of presenting molecules on a surface, 
thus allowing subsequent reactions to take place. These 
principles for the immobilization of molecules can be ap- 
plied in sensor or chromatographic systems or for the 
provision of modified surfaces in general. 
[0003] In recent years there have been numerous ap- 
proaches to fabricate sensor chips or biochips which are 
based on self-assembled monolayers (SAM's) of bif unc- 
tional molecules which directly or indirectly couple sam- 
ple molecules to the sensor surface. Typically, these bi- 
functional molecules carry for example a silane or thiol/ 
disulfide moiety in order to achieve a bond with the in- 
organic surface and an additional functional group (e.g. 
amino groups or epoxide groups) which interact with 
sample molecules, often contained in biological sam- 
ples In the form of an oligonucleotide, a protein or a 
polysaccharide etc. 

[0004] While the formation of a direct bond between 
the Afunctional compound and the sample molecule is 
possible, the sample molecules do not necessarily in- 
teract directly with the linkers or couplers, respectively, 
forming the monolayer. Alternatively, appropriate immo- 
bilized biomolecules themselves can act as probes for 
the detection of sample molecules. Such probe mole- 
cules can equally be immobilized via a reaction with the 
free functional groups of the monolayer. In particular, if 
biomolecules are used as probe molecules, their pres- 
ence may significantly enhance the specificity of the in- 
teraction of the sample molecules with the modified sur- 
face. 

[0005] Although these techniques are well estab- 
lished for this purpose, the application of standard de- 
tection methods is problematic, especially in cases 
where the surface area available for the detection of one 
specific type of sample molecules is restricted, e.g. if a 
variety of molecules is to be analyzed in a parallel proc- 
ess, since the monolayers are limited in their graft den- 
sity. Thus, suitable detectors have to meet very high re- 
quirements with regard to their sensitivity, and the min- 
imum surface area on a sensor necessary for the detec- 
tion of one type of sample molecule cannot be easily 
reduced. 

[0006] Moreover, the maximum density, i.e. one sam- 
ple or probe molecule per functional group of the linkers 
or couplers, respectively, can hardly be attained, since 
due to sterical hindrance on the two-dimensionally ex- 



tended monolayer, only a fraction of the functional 
groups will be able to react with sample or probe mole- 
cules. Thus, the overall graft density is low and normally 
not well defined. 

5 [0007] For the preparation of the above-mentioned 
sensor chips or biochips which are normally employed 
in aqueous environments appropriately hydrophilic lay- 
ers functionalized/activated for conjugation with sample 
or probe molecules are often used. These hydrophilic 

10 layers are, in contrast to hydrophobic layers, wettable 
and thus have a better printability for applying onto a 
respective surface, for example in the form of a pat- 
terned array. 

[0008] In case of coupling to a silicon oxide or derived 

*5 substrate, e.g. a glass surface etc., commonly amino si- 
lanes, e.g. trimethoxysilylpropylamine (APTF), are used 
in a first step for modification (silanization) of the sur- 
face. In a second step of activating said surface the free 
amino groups of the aminosilanes are functionalized 

20 with a heterobifunctional crosslinker capable of cova- 
lently binding to the desired sample or probe molecule, 
e.g. succinimidyl 4-[ma!eimidophenyl]butyrate (SMPB) 
in case of thiol-modif led DNA oligomers (cf . Ch risey, Lee 
and O'Ferrell, Nucleic Acids Research, 1996, Vol. 24, 

25 No. 15, pp. 3031-3039). 

[0009] The above-mentioned aminosilane based 
method, however, has the disadvantages that the reac- 
tion steps following silanization result In a reduced max- 
imum grafting density, and that the method as such is 

30 laborious and difficult to control. Further, the resulting 
hydrophilic layers are in the biologically suitable pH 
range positively charged. It is not possible to obtain neg- 
atively charged or uncharged layers. A strong positive 
charge would cause a strong unspecific absorption of 

35 negatively charged molecules and a strong repellation 
of positively charged molecules. 
[0010] While various attempts have been made to 
overcome the problems of the aminosilane based meth- 
od outlined above there is stiil a need for alternative pos- 

40 ftrve hydrophilic layers, and particularly for negatively 
charged or uncharged hydrophilic layers. With these dif- 
ferent types of layers the surface may easily be adapted 
to the particular analytical problem. 
[001 1 ] Accordingly, it is an object of the present inven- 

45 tion to provide such alternative positive hydrophilic lay- 
ers, and in particular to provide negatively charged or 
uncharged hydrophilic layers. 
[0012] These and other objects and features of the in- 
vention will be apparent from the description and claims 

so which follow. 

[0013] Accordingly, the invention provides as per 
claim 1 a linker system for activating surfaces for bio- 
conjugation having the following general formula (I): 

X-[(Y 1 ) l -Q-(Y 2 ) j ] k -2 (I) 
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wherein X is a reactive group capable of covalen tiy bind- 
ing to a surface, Z is a reactive group capable of cova- 
lently binding to a biomolecule, with the proviso that X 
is not Z, Y t and Y 2 are independently from each other 
CF^Rg with R 1 and R 2 being independently from each 
other H, C t -C 4 alkyl, C,-C 4 aikoxy or C^C^. acyloxy, i, 
j, k are independently from each other an Integer in the 
range from 1 to 10, with the proviso that the total number 
of C atoms in and Y 2 , the C atoms of R 1 and R 2 not 
included, is in the range of 2 to 100, and Q is a hy- 
drophilic atom or group selected from the group consist- 
ing of 0, IMH, C=0, 0-C=0 and CR 3 R 4 , wherein R 3 and 
R 4 are independently from each other selected from the 
group consisting of H, OH, C r C 4 aikoxy and C 1 -C 4 acy- 
loxy, with the proviso that R 3 and R 4 are not H at the 
same time and that for Q = NH Z is not NH 2 , and wherein 
in the case of k > 1 the Q's for each [(Y^j-Q-O^jlk are 
independently selected from each other. 
[0014] The inventive linker system allows the prepa- 
ration of positively or negatively charged or uncharged 
layers on the substrate which have a good wettability. 
Further, after coupling to the surface, for example by si- 
lanization, no further steps are required, for example 
coupling with a bifunctional linker, to built up the final 
linker system resulting in an improved graft density. For 
example, if Z is an epoxy group, which reactive group 
may be introduced directly, the inventive linker system 
may directly bind to biomolecuies such as DNA. In ad- 
dition, the Inventive linker system can easily be printed 
on a surface by using conventional printing techniques, 
for example as detailed below. 
[0015] Further advantageous or preferred embodi- 
ments are subject-matter of the subclaims. 
[0016] In the above linker system said reactive group 
X is not particularly limited and may be selected accord- 
ing to the practical situation, i.e. the surface the binding 
to which is intended for. For example, thiol and disulfide 
groups may bind to gold surfaces, aikoxy- or halogen- 
si lanes may bind to glas and ceramic surfaces, and 
groups capable of forming free radicals, for example on 
exposure to light such as UV light, may bind to plastic 
surfaces, i.e. comprising organic polymers. 
[0017] For example said reactive group X is selected 
from the group consisting of a disulfide group (-SS-), a 
thiol ormercapto group (-SH), a silane group SiW 3 with 
W being a hydrolysable atom or group, and a group ca- 
pable of forming free radicals, for example on exposure 
to light, such as an anthrathione group or a derivative 
thereof, an anthraquinone group or a derivative thereof, 
a benzophenone group or a derivative thereof. 
[0018] Preferably said hydrolysable atom or group W 
is selected from the group consisting of halides such as 
CI, Br, I and F, C 1 «C 4 aikoxy groups such as methoxy, 
ethoxy, propoxy, Iso-propoxy, n-butoxy, iso-butoxy or 
tert-butoxy groups, C r C 4 acyloxy such as formyl, 
acetyl, propionyl, isopropionyl, n-butyryl, iso-butyryl or 
tert-butyryt groups and amino groups. 
[0019] Further suitable reactive groups X are for ex- 



ample described in the textbook "Bioconjugate Tech- 
niques" by G.T. Hermanson, Academic Press, 1996. As 
examples for original papers in this regard there might 
be mentioned Chrisey, Lee and O'Ferrell, Nucleic Acids 
s Research, 1996, Vol. 24, No. 15, pp. 3031 -3039; or Bel- 
erand Hoheisel, Nucleic Acids Research, 1 999, Vol. 27, 
No. 9, pp. 1970-1977, disclosing in particular ETA, 
PEDA as defined therein, which are also suitable in the 
invention. 

to [0020] As already defined above Y 1 and Y 2 may be 
independently from each other CR^ with R 1 and R 2 
being independently from each other H, C r C 4 alkyl, for 
example methyl, ethyl, propyl, isopropyi, butyl, iso-butyl 
or tert-butyl; or C r C 4 aikoxy, for example, methoxy, 

« ethoxy, propoxy, iso-propoxy, n-butoxy, iso-butoxy or 
tert-butoxy; or OyC A acyloxy such as formyl, acetyl, pro- 
pionyl, iso-propionyl, n-butyryl, Iso-butyryl or tert-butyr- 

yi. 

[0021] The indices i, j, k are independently from each 
20 other an integer in the range from 1 to 1 0, with the pro- 
viso that the total number of C atoms in Y 1 and Y 2 , the 
C atoms of R 1 and R 2 not included, is in the range of 2 
to 100, for example 2 to 80, or 2 to 60, or 2 to 40, or 2 
to 20, in particular 2 to 1 8, or 2 to 1 6, or 2 to 1 4, or 2 to 
25 12,or2to10,or2to8. 

[0022] In this context it should be noted that the sole 
reason for the above proviso is, that an ideal distance 
of a DNA to a hydrophobic surface is known to be about 
1 00 carbon atoms. Thus, there is actually no maximum 
30 spacer lenght for any chemical reasons but a maximum 
appropriate or useful spacer length. On the other hand, 
it is also known that the longer the spacer the lower the 
graft density. 

[0023] Specific examples for Y 1 and Y 2 , which may 

35 be the same or different from each other, are depending 
from the respective values of i and j methylene, ethyl- 
ene, tri-, tetra-, penta-, hexa-, hepta-, octa-, nona- or 
decamethylene groups, which in addition may be 
branched or substituted as defined above for R 1 and F^. 

40 is to be understood that Y 1 and Y 2 do not have such a 
chain length that solidification results, or are so exten- 
sively branched that formation of monolayers on a sur- 
face is inhibited or prevented. The same is true in the 
case of k > 1 for each "repeating block" [(Y 1 ) r Q-(Y 2 )jl k . 

45 [0024] Q Is a hydrophilic atom or group which is not 
particularly limited as long as its function of imparting 
hydrophilicity to the inventive linker system is not affect- 
ed. In general, hydrophilicity may result from polariza- 
tion of a molecule by the electron-attracting action of at- 

so oms being more electronegative than carbon atoms. For 
example, hydrophilic atoms or groups are capable of 
forming hydrogen bonds or bridges in an aqueous en- 
vironment resulting in hydration, which leads to an Im- 
proved accessibility for hydrophilic molecules. 

55 [0025] Suitable hydrophilic atoms or groups for use in 
the inventive linker system are selected from the group 
consisting of O, NH, C=0 (keto group), 0-C=0 (ester 
group) and CR 3 R 4 , wherein R 3 and R 4 are independent- 
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ty from each other selected from the group consisting of 
H, OH, C^-C A alkoxy and C r C 4 acyloxy with the proviso 
that R 3 and R 4 are not H at the same time and that for 
Q = NH Z (as defined below) is not NH 2 . 
[0026] Specific examples for C r C 4 alkoxy are meth- 
oxy, ethoxy, propoxy, iso-propoxy, n-butoxy, iso-butoxy 
or t-butoxy. Specific examples for C|-C 4 acyloxy are 
formyl, acetyl, propionyl, isopropionyl, n-butyryl, iso-bu- 
tyryl or tert-butyryL Further, it is to be understood that 
CR 3 R 4 as Q is not so extensively branched that forma- 
tion of monolayers on a surface is inhibited or prevented. 
[0027] For Q also S (sulfur) or S-S (disulfide) might 
be considered, but are, however, not preferred since the 
resulting compounds are in general malodorous. In ad- 
dition, disulfide bridges may be easily reduced resulting 
in a breakage of the linker system. 
[0028] Further, in the case of k > 1 the Q's for each 
"repeating block" [(Y 1 ),-Q-(Y 2 )|lj < may be independently 
selected from each other. 

[0029] In the above linker system said reactive group 
Z is not particularly limited and may be selected accord- 
ing to the practical situation, i.e. the sample or probe 
molecule the binding to which is intended for. Since most 
of the sample or probe molecules, especially in biolog- 
ical or medical applications, comprise sterically unhin- 
dered nucleophilic moieties, preferred reactions with 
said molecules comprise nucleophilic substitution or nu- 
cleophilic addition reactions or Dieis-Alder reactions 
leading to a covalent bond between the reactive group 
Z of the inventive linker system and the sample or probe 
molecules. Further, also radical substitution is possible. 
[0030] It might be appreciated that the above reactive 
group Z either represents the one necessary for the in- 
teraction with the sample or probe molecules, or can be 
transformed to such a suitable reactive group in a further 
step. Further, reactive group Z may be hydrophobic per 
se subject to that the character of the linker system as 
a whole is still hydrophilic. 

[0031] For example said reactive group Z is selected 
from the group consisting of a reactive double bond such 
as in an acrylic moiety, a diene group such as in buta- 
diene, a dienophillc group such as in maleic anhydride 
or maleinimide, an epoxy group such as in glycidyi de- 
rivatives, an aldehyde group, a hydroxy! group, a car- 
boxytic acid group, an active or reactive ester group 
such as in N-hydroxysucclnimidyl(NHS)-esters or imi- 
doesters or azlactone, an amino group (-NH 2 ), a di- 
sulfide group (-S-S-), a thiol or mercapto. group (-SH), 
an aziridlne group, an isocyanate group (-N=C=0), an 
isothiocyanate group (-N=C=S), an azide group and a 
reactive leaving group such as NHS. 
[0032] Further suitable reactive groups Z are for ex- 
ample described in the textbook "Bioconjugate Tech- 
niques 0 by G. T. Hermanson, Academic Press, 1996. As 
exampies for original papers in this regard there might 
be mentioned Chrisey, Lee and O'Ferrell, Nucleic Acids 
Research, 1996, Vol. 24, No. 15, pp. 3031-3039; or Bei- 
erand Hoheisel, Nucleic Acids Research, 1999, Vol. 27, 



No. 9, pp. 1970-1977, disclosing in particular PDITC, 
DSC, DSO, DMS, SMPB, MBS, SMCC, GMBS. MPS 
and SIAB as defined therein, which are also suitable in 
the invention. 

5 [0033] A specific example for an inventive linker sys- 
tem has the following formula: 




[0034] In a further aspect the invention provides a sur- 
face carrying an inventive linker system. 
[0035] The shape, size or chemical composition of the 
surface is not particularly limited and may be selected 
according to the practical situation. For example the sur- 
face may be part of a container or may form beads, gran- 
ules, sheets, plates or films, for example on a suitable 
substrate. Regarding its chemical composition the sur- 
face may for example be selected from the group con- 
sisting of a Si0 2 surface (including evaporated or sput- 
tered SiOx layers), for example of a silicon wafer, of 
glass, quartz, fused silica etc. (which Si0 2 surfaces may 
also contain other oxides such as B 2 0 3 , Al 2 0 3 etc.), gold 
and a polymer or a plastic such as cycloolefin copoly- 
mers (COCs), pory(methyl methacrylate) (PMMA, plex- 
iglass), polystyrene, polyethylene and polypropylene. A 
suitable COC is for example available from Ticona under 
the trade name Topaz". 

[0036] In a preferred embodiment the inventive linker 
system forms a patterned array on a surface, e.g. a solid 
surface. 

[0037] The creation of patterned arrays of the inven- 
tive linker system on a surface is possible by various 
means, for example by applying standard photolitho- 
graphic processes, by using micro contact printing or re- 
lated methods, ink jet techniques or other micro plotting 
methods. By using any of these techniques, surface 
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structures with dimensions in the micrometer range can 
be created. For sensor chips or biochips using appro- 
priate labels as detailed below the high parallel mode of 
signal generation and a significant improvement in the 
integration of analytical data is the most promising fea- 
ture of such techniques, which accordingly allow the op- 
timization of automatic analytical procedures. 
[0038J In another preferred embodiment the surface 
attached inventive linker system is covalently bonded to 
a biomolecule, e.g. for use as a probe for a sensor chip 
or biochip. 

[0039] The above-mentioned biomolecule is not par- 
ticularly limited and may be selected according to the 
practical situation. For example the biomolecule is a 
partner of a specifically interacting system of comple- 
mentary binding partners for improving selectivity of 
binding in a complex mixture of components such as a 
biological fluid. 

[0040] The term "interacting", as used in this specifi- 
cation, includes the formation of covalent bonds, as well 
as attractive ionic and van-der-Waal's forces and hydro- 
gen bonds. 

[0041] For example said specifically interacting sys- 
tem of complementary binding partners is based on nu- 
cleic acid/complementary nucleic acid, peptide nucleic 
acid(PNA)/nucleic acid, enzyme/substrate, receptor/ef- 
fector, lectin/sugar, antibody/antigen, avidin/biotin or 
streptavidin/biotin interaction. 
[0042] The above nucleic acids may be a DNA or 
RNA, for example an oligonucleotide or an aptamer. 
[0043] The above antibody may be, but is not restrict- 
ed to, a polyclonal, monoclonal, chimeric or single-chain 
antibody or a functional fragment or derivative of such 
antibodies. 

[0044] In another aspect the invention relates to a 
process for the detection of a biomolecule which is a 
partner of a specifically interacting system of comple- 
mentary binding partners comprising the steps of 

a) contacting a surface comprising an inventive link- 
er system having covalently attached thereto one 
partner of a specifically interacting system of com- 
plementary binding partners, e.g. a nucleic acid or 
an antibody, with a sample suspected to contain the 
complementary binding partner, e.g. a complemen- 
tary nucleic acid or an antigen, 

b) removing non-specif ically bound sample compo- 
nents in a washing step, and 

c) detecting the specifically bound sample compo- 
nents. 

[0045] The detection method is not particularly limited 
and may be selected according to the practical situation. 
For example, a colored, fluorescent, bloluminescent, 
chemoluminescent, phosphorescent or radioactive la- 
bel, an enzyme (e.g. in the form of an ELISA assay), an 
antibody or a functional fragment or derivative thereof, 
a protein A/gold based system, a biotin/avidin or biotin/ 



streptavidin based system or an enzyme electrode 
based system may be used. 
[0046] The above detection systems are well-known 
in the art, see for example F. Lottspeich und H. Zorbas 

s (Eds) in "Bioanalytik", Spektrum Akademischer Verlag 
Heidelberg 1998. Thus, a detailed description may be 
dispensed with. Suitable electrochemically or enzyme 
electrode based systems are described in Angewandte 
Chemie, 2000, Vol. 112, No, 7, pp. 1230-1269. 

10 [0047] Depending on the labeling method applied, the 
detection can be effected by methods known in the art, 
e.g. via laser scanning or use of CCD cameras. 
[0048] Further, so-called indirect methods of detec- 
tion may be applied. An example of such an indirect de- 

15 tection is the use of a secondary labeled antibody (anti- 
antibody) directed to a first unlabeled antibody which 
binds to the biomolecule (sample molecule) of Interest. 
[0049] In yet another aspect the invention relates to a 
process for the isolation of a biomolecule which is a part- 

20 ner of a specifically interacting system of complemen- 
tary binding partners comprising the steps of 

a) contacting a surface comprising an inventive lin k- 
er system having covalently attached thereto one 
25 partner of a specifically interacting system of com- 
plementary binding partners, e.g. a lectin or an an- 
tibody, with a sample suspected to contain the com- 
plementary binding partner, e.g. a sugar or an anti- 
gen, 

so b) removing non-speciflcally bound sample compo- 
nents in a washing step, and, optionally, 
c) eluting the specifically bound sample compo- 
nents, for example by using a chaotropic agent. 

35 [0050] The^invention further comprises the use of a 
surface as defined above as an affinity matrix, for ex- 
ample as a stationary phase for chromatographic pur- 
poses, orforprovidingasensorchiporbiochip.Thesen- 
sor chip or biochip may be part of a medical or diagnostic 

40 instrument, which for example may be used for the de- 
tection of components in physiological fluids, such as 
blood, serum, sputum etc. 

[0051] A regeneration of the inventive surfaces after 
binding of the linked probe to the respective sample bi- 

45 omolecu le to be detected or isolated has taken place is 
possible, but single uses are preferred In order to ensure 
the quality of results, in particular in case of detection 
uses (sensor chips or biochips). 
[0052] With sensor chips or biochips using an Inven- 

so tive surface as defined above different types of samples 
can be analyzed with an increased precision and/or re- 
duced need of space in serial as well as parallel detec- 
tion methods. 

[0053] In general, the coupling reaction between the 
55 linker system of the invention and the molecules to be 
detected or isolated is performed under conditions 
which are not detrimental to the sample or probe mole- 
cules. 
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[0054] For example, in a nucleic acid sensor applica- 
tion, the reaction should be carried out in an aqueous 
solution, and the temperature should not be raised 
above 95°C. Preferably the temperature is in the range 
of40-60°C. 

[0055] Also, the coupling reaction with the sample or 
probe biomolecule should proceed at a reasonable rate 
so that the detection can preferably be accomplished 
within less than 24 hours without requiring extreme pH- 
values in the solution. For the immobilization of single 
strands of synthetic oligonucleotides as a probe, the pH 
should range between 7 and 11, preferably 7 to 10. 
[0056] During the hybridization reaction of the nucleic 
acid sample molecules with the probe molecules, the 
bonds between the functional group and the synthetic 
oligonucleotide single strands as well as the bonds of 
the linker system to the substrate h ave to be able to with- 
stand temperatures of more than 65°C, and a pH of 6-9. 
In cases where DNA is used as a sample molecule, the 
temperatures may have to be raised up to about 95°C 
In orderto effect a separation of the DNA strands, which 
is necessary for hybridization. 
[0057] Suitable hybridization conditions may be es- 
tablished according to conventional protocols de- 
scribed, for example, in Sambrook, "Molecular Cloning, 
A Laboratory Manual", Cold Spring Harbor Laboratory, 
N.Y. (1989); Ausubel, "Current Protocols in Molecular 
Biology", Green Publishing Associates and Wiley Inter- 
science, N.Y. (1989); or Higgins and Hames (Eds) "Nu- 
cleic acid hybridization, a practical approach" IRL Press 
Oxford, Washington DC, (1985). 
[0058] The setting of conditions is well-known to the 
skilled artisan and to be determined according to proto- 
cols described in the art. Thus, the detection of only spe- 
cifically hybridizing sequences will usually require strin- 
gent hybridization and washing conditions such as for 
example O.lxSSC, 0.1% SDS at 65°C, Exemplary non- 
stringent hybridization conditions for the detection of ho- 
mologous or not exactly complementary sequences 
may be set at 6xSSC, 1% SDS at 65°C. 
[0059] As is well known, the length of the probe and 
the composition, of the nucleic acid to be determined 
constitute further parameters of the hybridization condi- 
tions. 

[0060] The nucleic acids to be analyzed may originate 
from a DNA library or a genomic library, Including syn- 
thetic and semisynthetic nucleic acid libraries. 
[0061] For an example of a protein sensor chip appli- 
cation an antibody as defined above may be attached 
to the inventive linker system. 
[0062] The general methodology for producing anti- 
bodies is well-known and has been described in, for ex- 
ample, Kohler and Milsteln, Nature 256 (1 975), 494 and 
reviewed in J.G.R. Hurrel, ed., "Monoclonal Hybridoma 
Antibodies: Techniques and Applications", CRC Press 
Inc., Boco Raron, FL (1982). A further methodology is 
that taught by L. T Mimms et al., Virology 176 (1990), 
604-619. 



[0063] As already stated above the term "antibody" 
relates -to monoclonal or polyclonal antibodies. Func- 
tional antibody fragments or derivatives provide the 
same specificity as the original antibody and comprise 

s Ffab^, Fab, Fv or scFv fragments; see, for example, 
Harlow and Lane, "Antibodies, A Laboratory Manual", 
CSH Press 1988, Cold Spring Harbor, NY. Derivatives 
of an antibody can, for example, be produced by pepti- 
domimetics. Such production methods are well known 

'0 in the art and can be applied by the skilled artisan with- 
out further ado. 

[0064] In the following the invention is disclosed in 
more detail with reference to examples. However, the 
described specific forms or preferred embodiments are 
15 to be considered in all respects as illustrative and not 
restrictive, the scope of the invention being indicated by 
the appended claims rather than by the following de- 
scription, and all changes which come within the mean- 
ing and range of equivalency of the claims are therefore 
20 intended to be embraced therein. 

Examples 

Synthesis of {1-[2-{glycydyl)-ethoxy]-ethoxy}- 



[0065] Synthesis of silanes belongs to the state of the 
art. The sample silane is synthesised by addition of 
1 ,7-brom-diethylenglycol to glycidol, for example by ad- 

30 ditlon of 1 mol glycydol to a 1 .5 molar solution of 1 ,7,- 
diethylengycol in toluene. After purification of the prod- 
uct by vacuum destillaton the product is dissolved in tol- 
uene again and 1 mol allylalcohol is added and stirred 
at room temperature for 2 hours. The product is destilled 

35 again and then hydrosilated to the trimetoxysilane as 
known by a person skilled in the art. 
[0066] Surface-activated microscopic slides are silan- 
ised by incubation for 2 hours in a 1g/l solution of the 
silane in toluene for 2 hours. Subsequently, the slides 

40 are washed three times in toluene and then heat treated 
for 2 hours at 130 °C. Such slides are printed with ami- 
no-modified oligonucleotides and fixated in a moistured 
chamber at 50 P C for 2 hours. The GEETS slides are 
compared to slides treated with epoxypropyltrimetoxysi- 

45 jane. The increased wettability of the GEETS treated 
slides is significantly higher leading to an Increased cou- 
pling of oligonucleotides on the surface and to a greater 
dot diameter. Hybridization of such spots with comple- 
mentary oligonucleotides results In a higher hybridisa- 

so tion signal on the GEETS treated slides, 



Claims 

55 1 , Linker system for activating surfaces for bioconju- 
gation having the following general formula (I): 



20 



25 trimethoxysilane (GEETS) 
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x-KY^i-Q-O^vz (I) 

wherein X is a reactive group capable of cov- 
alently binding to a surface; Z is a reactive group 5 
capable of covalently binding to a biomolecuie, with 
the proviso that X is not Z, Y 1 and Y 2 are independ- 
ently from each other CR 1 R 2 with Rj and R 2 being 
independently from each other H, C r C 4 alkyl, C r 
C 4 alkoxy or C 1 -C 4 acyloxy, i, j, k are independently 10 
from each other an integer in the range from 1 to 
1 0, with the proviso that the total number of C atoms 
in Y t and Y 2 , the C atoms of R 1 and Rg not included, 
is in the range of 2 to 100, and Q is a hydrophilic 
atom or group selected from the group consisting 15 
of O, NH, C=0, 0-C=6 and CRjR^ wherein R 3 and 
R 4 are independently from each other selected from 
the group consisting of H, OH, C r C 4 alkoxy and C A - 
C 4 acyloxy, with the proviso that R 3 and R 4 are not 
H at the same time and that f or Q = NH Z is not NH 2 , 20 
and wherein in the case of k > 1 the Q's for each 
[(Y^-Q-tYgJjk are Independently selected from 
each other. 



7. Surface according to claim 6 wherein said linker 
system forms a patterned array 

8. Surface according to claims 6 or 7 wherein said sur- 
face is selected from the group consisting of a Si0 2 
surface of a silicon wafer, glass, quartz, fused silica, 
gold and a polymer. 

9. Surface according to any of claims 6 to 8 wherein 
said linker system is covalently bonded to a biomol- 
ecuie. 

10. Surface according to claim 9 wherein said biomol- 
ecuie is a partner of a specifically Interacting system 
of complementary binding partners. 

11. Surface according to claim 10 wherein said specif- 
ically interacting system of complementary binding 
partners Is based on nucleic acid/complementary 
nucleic acid, peptide nucleic acid/nucleic acid, en- 
zyme/substrate, receptor/effector, lectin/sugar, an- 
tibody/antigen, avidin/biotin orstreptavidin/biotin in- 
teraction. 



2. Linker system according to claim I wherein said re- 
active group X is selected from the group consisting 
of a disulfide group, a thiol group, a SiW 3 group with 
W being a hydrolyzable atom or group, and a group 
capable of forming free radicals such as an an- 
thrathlone group or a derivative thereof, an an- 
thraquinone group or a derivative thereof, a benzo- 
phenone group or a derivative thereof. 

3. Linker system according to claim 2 wherein said hy- 
drolyzable atom or group W is selected from the 
group consisting of halides, C r C 4 alkoxy, C r C 4 
acyloxy and amino groups. 

4. Linker system according to any of the preceding 
claims wherein said reactive group Z is capable of 
nucleophilic substitution reactions, nucleophilic ad- 
dition reactions, Diets-Alder reactions or radical 
substitutions. 

5. Linker system according to claim 4 wherein said re- 
active group Z is selected from the group consisting 
of a reactive double bond, a diene group, a dien- 
ophilic group, an epoxy group, an aldehyde group, 
a hydroxyl group, a carboxylic acid group, an active 
ester group, an amino group, a disulfide group, a 
thiol group, an aziridine group, an Isocyanate group, 
an isothiocyanate group an azide group and a re- 
active leaving group. 

6. Surface carrying a linker system according to any 
of claims 1 to 5. 



25 12. Surface according to claim 11 wherein said nucleic 
acidlsaDNA or RNA. 

13. Surface according to claim 12 wherein said DNA or 
RNA is an oligonucleotide or an aptamer. 

30 

14. Surface according to claim 11 wherein said antibody 
is a polyclonal, monoclonal, chimeric or single- 
chain antibody or a functional fragment or derivative 
of such antibodies. 

35 

15. Process for the detection of a biomolecuie which is 
a partner of a specifically interacting system of com- 
plementary binding partners comprising the steps 
of 

40 

a) contacting a surface according to any of 
claims 1 0 to 1 4 with a sample suspected to con- 
tain the complementary binding partner, 

b) removing non-specifically bound sample 
& components in a washing step, and 

c) detecting the specifically bound sample com- 
ponents. 

16. Process according to claim 15 wherein for said de- 
so tecting a colored, fluorescent, bloluminescent, 

chemoluminescent, phosporescent or radioactive 
label, an enzyme, an antibody or a functional frag- 
ment or derivative thereof, a protein A/gold based 
system, a blotin/avldin/streptavidin based system 
55 or an enzyme electrode based system is used. 

17. Process for the isolation of a biomolecuie which Is 
a partner of a specifically Interacting system of conv 
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plementary binding partners comprising the steps 
of 

a) contacting a surface according to any of 
claims 1 0 to 1 4 with a sample suspected to con- 
tain the complementary binding partner, 

b) removing non-specifically bound sample 
components in a washing step, and, optionally, 

c) eluting the specifically bound sample com- 
ponents. 

18. Use of a surface according to any of claims 10 to 
14 as an affinity matrix. 

19. Use of a surface according to any of claims 10 to 
1 4 In a sensor chip or biochip. 

20. Medical or diagnostic instrument comprising a sur- 
face according to any of claims 1 0 to 1 4. 



PatentansprOche 

1 . Linker-System zur AktMerung von Oberf ISchen zur 
Biokonjugation mit der folgenden allgemeinen For- 
mel (I): 

X^i)i-Q-(Y 2 )j] k -Z (I) 

in der X eine reaktive Gruppe bedeutet, die kovaient 
an eine Oberflache binden kann, Z eine reaktive 
Gruppe bedeutet, die kovaient an ein Biomolekul 
binden kann, mit MaBgabe, dass X nicht Z bedeu- 
tet, Y 1 und Y 2 unabhangig voneinander CR 1 R 2 be- 
deuten, wobei R 1 und R 2 unabhangig voneinander 
H , C 1 - C 4 -Alkyl, C 1 - C 4 - Alkoxy oder C^^Acyloxy 
bedeuten, i t j, k unabhangig voneinander eine gan- 
ze Zahl im Bereich 1 bis 10 bedeuten, mit der 
MaBgabe, dass die Gesamtanzahl C-Atome in Y t 
und Y 2 , die C-Atome von R 1 und R2 nicht einge- 
schlossen, im Bereich von 2 bis 100 liegt, und Q ein 
(e) hydrophile(s) Atom oderGruppebedeutet, dass/ 
die aus der aus O, NH, C=0, 0-0=0 und CR 3 R 4 
bestehenden Gruppe ausgewahlt ist, wobei R 3 und 
R 4 unabhangig voneinander aus der aus H, OH, 
- C 4 -Alkoxy und C r C 4 -Acyloxy bestehenden Grup- 
pe ausgewahlt sind, mit der MaBgabe, dass R 3 und 
R 4 nicht gleichzeitig H bedeuten und dass fur Q = 
NH Z nicht NH 2 ist, und wobei im Fall k> 1 die Q's 
fflr jedes [(Y 1 ) r Q-(Y 2 ) j ] k unabhangig voneinander 
ausgewahlt sind. 

2. Linker-System nach Anspruch 1 , wobei die reaktive 
Gruppe X aus der aus einer Disulfidgruppe, elner 
Thiolgruppe, einer SiW 3 -Gruppe, wobei W ein(e) 
hydrolysierbare(s) Atom Oder Gruppe bedeutet, 



und einer Gruppe, die Radikaie biiden kann, wie z. 
B. eine Anthrathiongruppe oder ein Derivat davon, 
eine Anthrachinongruppe oder ein Derivat davon, 
eine Benzophenongruppe oder ein Derivat davon, 
s bestehenden Gruppe ausgew&hlt ist. 

3. Linker-System nach Anspruch 2, wobei das/die hy- 
drolysierbare Atom oder Gruppe W aus der aus Ha- 
logenen, C r C 4 -Alkoxy-, C r C 4 -Acyloxy- und Ami- 

10 nogruppen bestehenden Gruppe ausgewahlt ist. 

4. Linker-System nach einem der vorstehenden An- 
spruche, wobei die reaktive Gruppe Z nukleophile 
Substitutionsreaktionen, nukleophile Additionsre- 

18 aktionen, Diels-Alder-Reaktionen oder radikalische 
Substitutionen eingehen kann. 

5. Linker-System nach Anspruch 4, wobei die reaktive 
Gruppe Z aus der aus einer reaktiven Doppelbin- 

20 dung, einer Diengruppe, einer dienophilen Gruppe, 
einer Epoxygruppe, einer Aldehydgruppe, einer Hy- 
droxylgruppe, einer Carbonsauregruppe, einer Ak- 
tivestergruppe, einer Aminogruppe, einer Disul- 
fidgruppe, einer Thiolgruppe, einer Aziridingruppe, 

25 einer Isocyanatgruppe, einer Isothiocyanatgruppe, 
einer Azidgruppe und einer reaktiven Austrittsgrup- 
pe bestehenden Gruppe ausgewahlt ist. 

6. Oberflache, die ein Linker-System nach einem der 
30 Anspriiche 1 bis 5 tr&gt. 

7. OberflSche nach Anspruch 6, wobei das Linker-Sy- 
stem in einem Bereich ein Muster bildet. 

35 8. Oberflache nach Anspruch 6 oder 7, wobei die 
Oberflache aus der aus einer Si0 2 -Oberflache ei- 
nes Siliziumwafers, Glas, Quarz, Quarzgut, Gold 
und einem Polymer bestehenden Gruppe ausge- 
wahlt ist. 

40 

9. Oberflache nach einem der AnsprQche 6 bis 8, wo- 
bei das Linker-System kovaient an ein Biomolekul 
gebunden ist. 

45 1 0. Oberfliche nach Anspruch 9, wobei das Biomolekul 
ein Partner eines spezif Isch wechselwirkenden Sy- 
stems komplementarer Bindungspartner ist. 

11. Oberflache nach Anspruch 10, wobei das spezi- 
50 fisch wechselwirkende System komplementarer 

Bindungspartner auf Nukleinsaure/Komplementar- 
nukieinsaure-, PeptidnukJeinsaure/Nukleinsaure-, 
Enzym/Substrat-, Rezeptor/Effektor-, Lektin/Zuk- 
ker-, Antikorper/Antigen-, Avidin/Biotin- oder Strep- 
55 tavidin/Biotin-Wechselwirkung beruht. 

12. Oberflache nach Anspruch 11, wobei die Nuklein- 
saure eine DNA oder RNA ist. 
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13. Oberflache nach Anspruch 12, wobei die DNA Oder 
RNA ein Oligonukleotid Oder ein Aptamer ist. 

1 4. Oberf i§che nach Anspruch 1 1 , wobei der Antikorper 
ein poiyklonaler, monoklonaler, chimarer Oder Sin- 
gle-Chain-Antikorper oder ein funktionelles Frag- 
ment oder Derivat derartiger Antikorper ist. 

15. Verfahren zum Nachweis eines Biomolekuls, das 
ein Partner eines spezifisch wechselwirkenden Sy- 
stems komplementarer Bindungspartner ist, bei 
dem 

a) eine Oberflache nach einem der Anspruche 
10 bis 14 mit einer Probe in Kontakt gebracht 
wird, die vermutlich den komplement&ren Bin- 
dungspartner enthatt, 

b) unspezifisch gebundene Probenbestandtei- 
le in einem Waschschritt entfemt werden und 

c) die spezifisch gebundenen Probenbestand- 
teile nachgewiesen werden. 

16. Verfahren nach Anspruch 15, wobei fur den Nach- 
weis eine farbige, fluoreszierende, blolumineszie- 
rende, chemolumineszierende, phosphoreszieren- 
de oder radioaktive Markierung, ein Enzym, ein An- 
tikorper oder ein funktionelles Fragment oder Deri- 
vat davon, ein auf Protein A/Gold basierendes Sy- 
stem, ein auf Biotin/Avidin/Streptavidin basieren- 
des System oder ein auf einer Enzymelektrode ba- 
sierendes System verwendet wird. 

17. Verfahren zur isoiierung eines Biomolekuls, das ein 
Partner eines spezifisch wechselwirkenden Sy- 
stems komplementarer Bindungspartner ist, bei 
dem 

a) eine Oberflache nach einem der Anspruche 
10 bis 14 mit einer Probe in Kontakt gebracht 
wird, die vermutlich den komplementaren Bin- 
dungspartner enthatt, 

b) unspezifisch gebundene Probenbestandtei- 
le in einem Waschschritt entfernt werden, und, 
gegebenenfalls, 

c) die spezifisch gebundenen Probendbe- 
standteile eluiert werden. 

18. Verwendung eine Oberflache nach einem der An- 
spruche 1 0 bis 1 4 als Affinitatsmatrix. 

19. Verwendung einer Oberflache nach einem der An- 
spruche 10 bis 14 als Sensorchip oder Biochip. 

20. Medizinisches oder diagnostisches Instrument, das 
eine Oberflache nach einem der Anspruche 10 bis 
14aufweist. 



Revendications 

1 . Systeme de liaison destine k activer des surfaces 
de bioconjuguaison, pr6sentant la formule g£n£rale 
s (I) suivante : 

X-KY.VQ-O^jVZ (I) 

dans laquelie X est un groupement reactif ca- 
pable de se tier de fagon covalente k une surface, 
Z est un groupement r6actif capable de se Her de 
fagon covalente k une biomotecule, k la condition 
que X ne soit pas Z, Y 1 et Y 2 sont, indSpendamment 
Tun de I'autre, CR^, et R2 6tant ind6pendam- 
ment Tun de I'autre H, un alkyle en C 1 k C 4 , un alk- 
oxy en C t k C 4 , ou un acyloxy en C t k C 4 , i, j, k sont, 
indSpendamment I'un de I'autre, un nombre entier 
dans la plage de 1 k 1 0, k la condition que le nombre 
total des atomes de C dans Y 1 et Y 2 , les atomes de 
C de R t et de R 2 non inclus, se situent dans ia plage 
de 2 k 100, et Q est un atome ou un groupement 
hydrophiles choisis parmi le groupe constitu6 de O, 
NH, C=0, 0-C=0 et CR3R 4 , ou R 3 et R 4 sont, in- 
d6pendamment Tun de I'autre, choisis parmi le 
groupe constitu6 de H, OH, un alkoxy en C 1 k C 4 et 
un acyloxy en C 1 k C 4 , k la condition que R 3 et R 4 
ne soient pas H en m§me temps et que pour Q = 
NH, Z ne soit pas NH 2 , et dans laquelie, dans le cas 
oil k > 1 les Q pour chaque [(Y^rQ-CY^ sont choi- 
sis indgpendamment I'un de I'autre. 

Systems de liaison seion la revendication 1 , dans 
lequel ledit groupement reactif X est choisi parmi ie 
groupe constitu£ d'un groupement disulfure, d'un 
groupement thiol, d'un groupement SiW 3 , W 6tant 
un atome ou un groupement hydrolysables, et d'un 
groupement capable de former des radicaux libres 
tel qu'un groupement anthrathione ou un d6riv6 de 
celui-ci, un groupement anthraquinone ou un d6riv6 
de celui-ci, un groupement benzopftenone ou un 
d6riv6 de celui-ci. 

Systeme de liaison selon la revendication 2, dans 
lequel ledit atome ou groupement hydroiysable W 
est choisi parmi le groupe constitu6 d'halog6nures, 
de groupements alkoxy en C t k C 4 , acyloxy en C t 
k C 4 et amino. 

Systeme de liaison selon Tune quelconque des re- 
vendications pr6c£dentes, dans lequel ledit grou- 
pement rgactif Z est capable de n§aliser des reac- 
tions de substitution nucl£ophiie, des reactions 
d'addition nucteophile, des reactions de Dieis-Alder 
ou des substitutions radicalaires. 

5. Systeme de liaison selon la revendication 4, dans 
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lequel (edit groupement r£actif Z est choisi parmi le 
groupe constitu6 d'une double liaison reactive, d'un 
groupement didnique, d'un groupement dienophile, 
d'un groupement 6poxy, d'un groupement aldehy- 
de, d'un groupement hydroxyle, d'un groupement 
acide carboxylique, d'un groupement ester actif, 
d'un groupement amino, d'un groupement dlsuifure, 
d'un groupement thiol, d'un groupement aziridine, 
d'un groupement isocyanate, d'un groupement iso- 
thiocyanate, d'un groupement azide et d'un groupe- 
ment nucteofuge r§actif. 

6. Surface portant un systeme de liaison selon I'une 
quelconque des revendications 1 k 5. 

7. Surface selon la revehdication 6, dans laquelle ledit 
systeme de liaison forme un reseau mis en motif. 

8. Surface selon les revendications 6 ou 7, dans la- 
quelle ladite surface est choisie parmi le groupe 
constitu6 d'une surface de Si0 2 d'une tranche de 
silicium, d'un verre, d'un quartz, d'une silice fondue, 
d'or et d'un polymere. 

9. Surface selon I'une quelconque des revendications 
6 & 8, dans laquelle ledit systeme de liaison est lie 
de facon covalente k une biomotecule. 

10. Surface selon la revendication 9, dans laquelle la- 
dite biomolecule est un partenaire d'un systeme de 
partenaires de liaison complementaires interagis- 
sant de facon specifique. 

11. Surface selon la revendication 10, dans laquelle le- 
dit systeme de partenaires de liaison complemen- 
taires interagissant de facon specifique est bas6 sur 
une interaction acide nucleique/acide nuclelque 
compiementaire, acide nucieique de peptide/acide 
nucieique, enzyme/substrat, recepteur/effecteur, 
lectine/sucre, anticorps/antigdne, avidine/biotine 
ou streptavidine/blotine. 

12. Surface selon la revendication 11 , dans laquelle le- 
dit acide nucieique est un ADN ou un ARN. 

13. Surface selon la revendication 12, dans laquelle le- 
dit ADN ou ledit ARN est un oligonucleotide ou un 
aptamere. 



a) mettre en contact une surface selon I'une 
quelconque des revendications 10 k 14 avec 
un echantillon suspects de contenir le partenai- 
re de liaison compiementaire, 

s b) eiiminer les constituants de I'echantillon non 

lies de facon specifique au cours d'une etape 
de lavage, et 

c) detecter les constituants de I'echantillon lies 
de facon specifique. 

10 

16. Precede selon la revendication 15, dans iequel pour 
ladite detection, un marqueur colore, fluorescent, 
bioluminescent, chimioluminescent, phosphores- 
cent ou radioactif , une enzyme, un anticorps ou un 
is fragment fonctionnel ou un d6riv6 de celui-ci, un 
systeme k base de proteine A/or, un systeme k ba- 
se de biotine/avidine/streptavidine ou un systeme 
k base d'eiectrodes enzymatiques sont utilises. 

20 17. Precede d'isolement d'une blomolecule qui est un 
partenaire d'un systeme de partenaires de liaison 
complementaires interagissant de facon specifique 
comprenant les Stapes consistant k 

25 a) mettre en contact une surface selon Tune 

quelconque des revendications 10 k 14 avec 
un echantillon suspects de contenir le partenai- 
re de liaison compiementaire, 

b) eiiminer les constituants de I'echantillon non 
30 H6s de facon specifique au cours d'une etape 

de lavage, et, en option, 

c) eiuer les constituants de I'echantillon lies de 
facon specifique. 

35 18. Utilisation d'une surface selon I'une quelconque 
des revendications 1 0 & 1 4 en tant que matrice d'af- 
finlte. 

19. Utilisation d'une surface selon Tune quelconque 
40 des revendications 10 & 14 dans une puce ou une 

biopuce de capteur. 

20. Instrument medical ou de diagnostic comprenant 
une surface selon I'une quelconque des revendica- 

45 tions10&14. 
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1 4. Surface selon la revendication 1 1 , dans laquelle le- so 
dit anticorps est un anticorps polyclonal, monoclo- 
nal, chlm6rique ou k chaTne unique ou un fragment 
fonctionnel ou un derive de tels anticorps. 



15. Proc6d6 de detection d'une biomolecule qui est un 55 
partenaire d'un systeme de partenaires de liaison 
complementaires interagissant de facon specifique 
comprenant les etapes consistant k 
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